In centrally related hearing loss, there is no apparent damage in the auditory system, but the patient is unable to hear sounds. In patients with cortical hearing loss (and in the absence of communication deficit, either total or partial, as in agnosia or aphasia), some attention-related or language-based disorders may lead to a wrong diagnosis of hearing impairment. The authors present two patients (8 and 11 years old) with no anatomical damage to the ear, the absence of neurological damage or trauma, but immature cortical auditory evoked potentials. Both patients presented a clinical history of multiple diagnoses over several years. Because the most visible symptom was moderate hearing loss, the patients were recurrently referred to audiological testing, with no improvement. This report describes the use of long-latency evoked potentials to determine cases of cortical hearing loss, where hearing impairment is a consequence of underdevelopment at the central nervous system.
INTRODUCTION
We report two cases of centrally related hearing loss in children (8 and 11 years old) affected by an underdeveloped maturational processing in the primary auditory cortex that is initially observable through objective and subjective hearing impairment. Traditionally, cortical auditory evoked potentials (CAEPs) have been used to obtain information of the area of the brain where the auditory cortex ( primary and secondary) is located [1] . Long-latency evoked potentials (LLEPs) are said to relate to attention, memory and auditory discrimination skills [2, 3] . We believe that LLEP is a robust test that can be applied to identify cortical hearing loss associated with immature central processing.
CASE REPORT

Case 1
An 8-year-old boy was referred to the ENT clinic with a suspicion of objective hearing loss. The boy was initially diagnosed with a probable attention deficit hyperactivity disorder, but no language-based learning disability had been found by a preliminary psychological assessment. A pure tone audiometry (250-4000 Hz) demonstrated thresholds of 45-60 dB hearing level (HL) for the right ear and 50-60 dB HL for the left ear (Fig. 1A) . Tympanometry, transient evoked otoacoustic emissions (TEOAE) as well as crossed and uncrossed acoustic reflexes were normal. A neurological examination using CT scan revealed no significant findings in the anatomy of the ear. An EEG test to discard tumor/ trauma showed normal results. A well-formed brainstem auditory evoked potential (BAEP) test was recorded bilaterally (Fig. 1C) . Results in the perception test (identification of two-syllable words at different HL levels) proved 100% accuracy at 50 dB HL for the right ear and 100% at 35 dB HL for the left ear. He then performed an LLEP test in three sweeps (80, 60 and 40 dB normal hearing level (nHL) tone bursts at 250-2000 Hz) in the right and left ears, alternatively, which shows the absence of CAEPs for the 40 dB nHL stimulation and polyphasic interwave morphology ( Fig. 2A) . The patient was widely awake during the procedure with eyes open.
Case 2
An 11-year-old boy presented at the Otorhinolaryngology day ward with a medical history of moderate language-based learning disorders. The boy was referred to the ENT clinic with a suspicion of objective and subjective hearing loss. The patient had a previous pathology of bone dysplasia in the left malar. A pure tone audiometry showed normal hearing (Fig. 1B) , the results of the tympanogram and TEOAE were normal and the acoustic reflexes (stapedius reflex) of the middle ear showed no anatomical disorder. Results in the perception test proved 100% accuracy at 40 dB HL for the right ear and 100% at 50 dB HL for the left ear. A neurological examination using CT scan revealed no significant findings in the anatomy of the ear. Neurological history was complemented with a BAEP test, which proved normality (Fig. 1D ). The LLEP test shows that waves with polyphasic morphology plus no CAEP could be identified for the 60 and 40 dB nHL stimulations (Fig. 2B) . The recording of CAEPs occurs while the patient was awake with eyes open.
DISCUSSION
Recent studies increasingly use CAEPs as an early indicator of cognitive impairment (e.g. dementia) [4] . We present the same method adapted to children to identify immature cortical development that may only be appreciated through moderate hearing loss. Patients in this report present no lesion on the temporal lobe or any other neurologically related pathology. There is no visible damage to the anatomy of the auditory system or the peripheral nervous system. They share a long clinical history and moderate language-based deficit and/or attention. We have used latency (ms) but not amplitude as the measure to classify CAEPs (P1, N1a, N1b, P2 and N2). Amplitude may not be an objective measure for the population described here because its objective value decreases with attention, so it does not seem appropriate for younger patients or patients with a suspicion of attention deficits [3] .
Maturational changes in CAEPs include decreases in latency and amplitude as well as dynamic morphological changes [5] . We have observed that interwave amplitude decreases with stimulus intensity, which was predictable. However, polyphasic morphology (multiple periods between CAEPs) should not be present in children older than 3 years [3, 6] . This fact is so obvious that it prevents from the identification of specific CAEPs. The neural generators of P1 originate in the thalamus-cortical projections to the auditory cortex and may represent the first recurring activity in the cortex. The emergence of N1, on the other hand, has been compared with the maturation of axon neurofilaments and various critical stages in speech perception [7] . We could assume then that both P1 and N1 reflect second-order processing of the auditory cortex. Normal values for P1 can be found ∼97 ms for 7-8 years and ∼77 ms for 11-12 years [8] . In our case, these values seem normal (78 ms) for the 8-year-old child and slightly late (89.5 ms) for the 11-year-old child. However, more clear is the emergence of double negativity represented by N1a and N1b [6] . Latencies are delayed for the rest of CAEPs. The P2 component measures were 291.5 ms in the case of the 8-year-old child and 312.65 ms for the 11-year-old child (vs. normal 150 ms [8] ). The N2 component is present in the two patients, with late latencies (∼400 ms for both patients). Studies have also shown that the N2 component may be used as an objective measure of temporal processing ability [9, 10] . Normal values for N2 are 243 ms (for 8 years old) and 226 ms (for 11 years old).
Overall, the preliminary diagnosis of hearing impairment in these patients needs to be complemented as a case of cortical hearing loss. The case of the pre-teen is especially important because objective and subjective audiological testing discarded severe hearing impairment, yet LLEP test indicates similar late maturation when compared with the younger boy. These cases are becoming more recurring in our clinic, which advises for the use of LLEP for two reasons: first, to identify whether we are dealing with a case of cortical loss and secondly, to assess the need to complement with neuropsychological testing (in the absence of neurological trauma/pathology). In the cases reported, values of P1 (78 and 89.5 ms, respectively) were within the normal range, with double N1 component and late latencies for P2-N2 when compared with standard values (291.5 and 312.65 ms for P2, respectively, vs. normal 150 ms; ∼400 ms for N2 vs. normal 243-226 ms, respectively). CAEP amplitude was not considered, but the polyphasic morphology of the waves and the absence of some CAEPs at various intensity levels were used to demonstrate underdevelopment at the cortical area that advises for complementary neuropsychological study.
In conclusion, this case report gives evidence of two children who display some learning difficulties, as reported by caregivers and psychologists. The two children are initially diagnosed with light to moderate hearing loss by the delivery of subjective tests ( pure tone audiometry and speech audiometry). However, TEOAE and immittance audiometry (stapedius reflex) proved normal for both patients. In the absence of any anatomical damage to the ear or neurological lesion/trauma as tested by CT scan and EEG, a combination of two electrophysiological tests (BAEP and LLEP) led to the final diagnosis of a centrally related hearing loss: with normal BAEP results, late latency in LLEP proved the lack of maturational central processes in both children, which coincide with psychological evidence. These results advise for complementary neuropsychological study.
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